Free n° s for LBNE calibration
S.White, BNL-LBNE internal note

A large sample of exclusively produced #°s with ~few GeV energy could be useful for

calibration of energy scale and reconstruction efficiency. A naturally ocurring source would be 7%
produced by cosmic ray muons through Primakoff effect in water or Liquid Argon.

This exclusive process has been studied in low energy electroproduction on protons at
Frascati (Belletini et al.), on Nuclei (HERMES) and even in proton-nucleus collisions (Ferbel).

However it is much better understood in photoproduction and simulations recently done for
JLAB measurements, which coincide with the characteristic photon energy from a ~100 GeV
muon. Therefore we use here an analysis based on the Weizsacker-Williams(W-W) method. In
this method the photon spectrum accompanying the cosmic ray muon is convoluted with the
(weakly) energy dependent photoproduction cross section.

An analysis of the dominant processes of exclusive 7° production (T. Rodrigues et al.)
shows that nuclear coherent production ( ie peripheral production by vector meson exchange) is
somewhat larger than Primakoff on Argon and may be easier to measure. This process does not
have a strong energy dependence. Also the mean photon energy from the W-W spectrum doesn't
depend strongly on the muon energy so it may be possible to reliably predict the yield per track
even with poor knowledge of the muon spectrum.

To calculate the W-W spectrum we use a form commonly used in the Heavy lon
Ultraperipheral community (A. Baltz et al.) which differs little from Fermi's original development of
the Equivalent Photon Approximation . The usual integration over impact parameter from the

muon track is cut off at b = Ry, since we are calculationg an exclusive process.
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In[179]:=
oNC = 90 (» nucl ear coherent on Carbon in ubx);
dQ =2 %7 * (Cos[.5 Degree] - Cos[2.5 Degreel);

oY =
dQ * oNC % (El enent Dat a[" Argon", "Atoni cWei ght"] / El enent Dat a[" Car bon", "At oni cWei ght" ])?2
ou =b %oy

PLAr =2 % 10%%;
Nkmreekhz = 10° # pLAr * ou + 107 (. 6 » 10°)

out181]= | 5. 71584

out182)= | 0.324276

out184]= | 389. 132
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The 0.3ub exclusive 7° production cross section is a significant fraction of the total muon
nuclear interaction cross section.
There are roughly 0.1% exclusive 7°'s per km of track length. If the cosmic muon flux is of

order 0.1-1 Hz then several 1000 exclusive 7°' s could be detected in a week. These have very
distinctive properties since they are produced at an angle of

Epeak~ 2/ (kxR_Ar)~2/(E_n®+R_Ar)
These should be easier to detect than Primakoff produced 7° s which are closer to the

beam direction and have smaller production cross section. Incoherently produced #° s have a
broader angular distribution and wouldn't be a significant background at this angle.
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Appendix: Photoproduction Cross Sections

The following plots are from Rodrigues et al.
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